has been reported in other fishes [17] for a comparable region of D-loop to that used here.
The ecological and biogeographical data indicate that this new species might have evolved by a host shift in sympatry from the ancestral Gobiodon species A. First, for species in this clade, the ancestral pattern of host use is to inhabit a range of coral species that always includes Acropora tenuis ( Figure 2) ; however, the new species uses just one novel species of coral, A. caroliniana (Figure 2 ). Speciation by host shift in sympatry requires a well-defined change in host use of the type observed here. In contrast, if speciation occurred in allopatry, the new goby species would be expected to retain the ancestral pattern of host use and at least inhabit A. tenuis. Second, A. caroliniana is not inhabited by any other species of coral-dwelling goby [7, 8] and, therefore, would have been vacant prior to the host shift and provided a refuge from both intra-and interspecific competition. Third, field observations and experiments have demonstrated that host corals are a limited resource for coral-dwelling gobies [6, [8] [9] [10] and, therefore, intraspecific competition for space provides a clear mechanism driving host shifts in these species. Finally, the known geographic range of the new species encompasses just a few hundred square km entirely within the much larger range of G. species A [7, 14] , which is consistent with a sympatric mode of speciation.
Comparisons of host use, geographical distributions, and relative time since divergence are also consistent with a host shift in sympatry. The new species has a very small geographic range [7] , which corresponds with the relatively recent divergence from G. species A (Figure 2) . The host coral used by the new species, A. caroliniana, is restricted to the Indo-Australian archipelago and is uncommon throughout most of its range, but is locally abundant in Papua New Guinea [18] . The relatively high abundance of A. caroliniana in southern Papua New Guinea would provide the opportunity for a host shift and sufficient habitat to support a viable population. The scarcity of A. caroliniana elsewhere might have then limited the potential for range expansion by the new species. G. species A and G. brochus have much larger geographic ranges than the new species, including much of the Indo-Australian archipelago and tropical western Pacific [7, 12, 14] . These larger geographic ranges correspond with a more ancient divergence (between 0.95 and 4.2 MYA) of G. brochus ( Figure  2 ) and the broad range of their shared host, A. tenuis [18] . G. histrio and G. erythrospilus diverged even earlier and prefer a host coral, A. nasuta, that is widely distributed throughout the Indian and Pacific Oceans [18] . As expected, G. histrio and G. erythrospilus appear to have the largest geographic ranges of the species considered here, extending throughout the Indo-Pacific archipelago and into the Indian and central Pacific oceans [6, 7, 13, 14] .
Sympatric speciation is favored among habitat specialists, such as coral gobies, where there are opportunities for some individuals to occupy novel hosts. However, for divergence to occur, the use of a novel host host species to which they settle from the plankton, any would then be driven by a genotype-environment interaction between performance and host use in coralgenetic variation that favors a shift in host use by some settling larvae could generate assortative mating. Where dwelling gobies. Caley and Munday [21] demonstrated that goby species with narrow habitat preferences grow the same locus controls host prefence and perfomance in each host, assortative mating occurs as a by-product faster in the coral species they prefer to inhabit compared to coral species they inhabit less frequently. Furof specialization on different hosts [19] . This is the simplest genetic model of sympatric speciation, because a thermore, reproductive success of coral-dwelling gobies increases with body size of both males and females change in the expression of just one trait (habitat choice) by some parts of the population will automatically lead
[22]. Therefore, any trait (physiological, behavioral, or morphological) that increases growth rate will be under to assortative mating of adults in different habitats. Reproductive isolation can also occur where one locus strong selection. The genotype-environment interaction will generate disruptive selection for increased perforaffects host preference and another affects performance on each host. Under strong selection, the preference locus mance between the two populations of extreme specialists (the original population using A. tenuis and the new will rapidly become associated with the performance locus, and divergent selection on performance will drive population using A. caroliniana). Disruptive selection could drive rapid adaptation to the new host, so that after the reproductive isolation of populations using different hosts [20] . a few generations, individuals swapping between host species would have low reproductive success comWe propose that frequency-dependent competition and disruptive selection have been the principal forces pared to individuals remaining faithful to their host species. favoring a shift in host use and subsequent reproductive isolation of the new population. Intense competition for Assortative mating within habitats could be reinforced by host recognition mechanisms. Coral gobies lay their space is well documented in coral-dwelling gobies [8, 10] . Consequently, individuals that use an unoccupied eggs on the host coral and the male tends the eggs until they hatch several days later. Imprinting of the embryos host species could have relatively high fitness compared to an average individual using the traditional host. Diveror newly hatched larvae on a novel host coral, and subsequent return of settling larvae to that species of coral, gent selection of phenotypes occupying each host that a strong genetic bottleneck has occurred, as might ronment interaction that favors disruptive selection may Sympatric speciation by host shift appears to be the reside in either the nuclear or mitochondrial genome. most parsimonious explanation for the evolution of the The non-recombining mt genome (which was used as new species because it requires just two events to proa marker in this study) is a prime target for disruptive duce a new species: 1) a host shift by some settling selection, as it is responsible for 90% of the energetic larvae and 2) subsequent fidelity to the new host. Allometabolism of the organism and as such is under strong patric speciation by peripheral isolation is also a plausifunctional selection, with changes in the mtDNA having ble explanation but is less parsimonious, because it substantial impacts on fitness [26] . would require four events to produce the new species:
Low genetic diversity following speciation in sympatry 1) the dispersal of a small founder population to an could also occur if the genetic variation that favored the isolated location, 2) addition of A. caroliniana as a host host shift was pleiotropically linked to a mutation in the in the new population, but not in the ancestral populamt genome that influenced performance in the new host tion, 3) loss of all ancestral hosts in the new population coral. If such an adaptive mutation occurs on the mtDNA and, 4) subsequent range expansion of the ancestral it may sweep to fixation carrying all linked nucleotide species to produce the nested geographic ranges we variants along with it [27] . This would eliminate polymorsee today. Allopatric speciation by vicariance is even phism, evidenced as a strong genetic bottleneck, and less parsimonious because it would require five events maintain only those individuals in the population having to produce the new species: 1) the generation of a geothe favored mutation (and other selectively neutral mutagraphic barrier that separates some part of the ancestral tions that may be present on the favored mt genome population, 2) addition of A. caroliniana as a host in one [27] , including the neutral section of mt DNA sampled population, but not the other, 3) loss of all ancestral here). hosts in that same population, 4) relaxation of the geoFinally, although mitochondrial genomes are almost graphic barrier, and 5) range contraction in one species exclusively maternally inherited in most eukaryotes, this and range expansion in the other species to produce may not be the case for many fishes that are sequential the nested ranges we see today. While both allopatric hermaphrodites. In these species all individuals will modes of speciation are plausible, they are less parsicontribute mt DNA to offspring at some stage of their monious than a host shift in sympatry in this instance.
reproductive life. This effect is likely to be particularly Different mechanims of speciation are predicted to pronounced in coral gobies because they can swap leave different signatures in the patterns of genetic direpeatedly between male and female function [28] . Alversity of sister taxa [25] . The new species considered though not formally demonstrated, hermaphroditism here exhibits very low genetic diversity (Figure 2 , Table  may be another means by which maternal preferences 1); much lower even than its closest relative, G. species (e.g., for laying eggs on specific hosts) could spread A, which also inhabits just one coral host, but has not rapidly throughout the population, if the preference was linked to mitochondrial type. undergone a host shift. Low genetic diversity indicates Although we advocate a role for sympatric speciation the process responsible for niche partitioning has not been tested. Ours is one of the first empirical studies to in the diversification of coral-dwelling gobies, we recognize that allopatric speciation has also been important directly link resource competition and a experimentally tested genotype-environment interaction to a proposed in the evolutionary history of these fishes. For example, our analysis shows that G. histrio and G. erythrospilus case of sympatric speciation. Sexual selection has also been linked to the maintenance of assortative mating are closely related but genetically distinct (Figures 2 and  3) . Although these two species have identical patterns in species that appear to have diverged in sympatry [38, 39]. However, this is unlikely to be the case for of host coral use, they rarely co-habit the same coral colony and hybrids have not been observed [7, 10] . The the new species of coral-dwelling goby described here, because there is no sexual dimorphism in this clade of identical patterns of host use for these species indicates that divergence has occurred without a shift in host use.
fishes [28] .
In conclusion, multiple lines of evidence presented The most parsimonious explanation is divergence in allopatry followed by range expansions and secondary here point to the generation of a new species of coraldwelling goby as a result of a host shift in sympatry. contact. Similarly, G. brochus appears to have diverged from the most recent common ancestor with G. erythrosAlthough allopatric speciation by peripheral isolation cannot be discounted, this mechanism does not explain pilus without a host shift and current-day differences in the relative frequency that different hosts are occupied the current day patterns of host use in the new species. Our results support the emphasis given to competition is largely due to the effects of interspecific competition with G. histrio and G. erythrospilus [9] .
as the process underlying divergent selection and assortative mating in recent models of sympatric speciSympatric speciation has been largely discounted in marine fishes because most species have a planktonic ation. larval phase with the potential to disperse widely and generate genetic homogeneity over large spatial scales.
Experimental Procedures
However, there is increasing evidence that larvae do not intraspecific competition can play a key role in the divergence of new species in sympatry.
sions and/or comments. Not all agreed with our conclusions, but
